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Clarification  of  the  statue  of  sulfur  bonds  in  the  biologi* 
colly-active  protoin  Is  very  important  not  only  for  the  establish¬ 
ment  of  structure  but  also  for  tho  elucidation  of  their  rotation 
to  tho  biological  activity.  The  total  content  of  half  cystine 
plus  cysteine  of  oobrotoxin  was  measured  to  be  12.0  by  disulfido 
interchange  reactions.  No  eulfhydryl  groups  were  dotectod  by 
spoctrophotooetrio  titration  with  p-chloi'omercuribonzoate  and 
N«ethylmaleimide  even  after  oobrotoxin  was  treated  with  8  M  urea* 
Sinoe  no  methionine  was  found  on  amino  acid  analysis,  the  eulfure 
in  oobrotoxin  wore  proved  to  bo  exclusively  in  the  form  of  disul¬ 
fide  bo"ds.  On  reduction  with  0-mercapto ethanol,  oobrotoxin 
display  11,6  to  12.0  eulfhydryl  groups  and  loses  its  lethality 
concurrently .  However,  the  inert,  fully  reduced  oobrotoxin 
yields  biologically  active  product  with  complete  lethality  and 
antigenicity,  specific  rotation  close  to  the  nativo  value,  and 
an  infrared  spectrum  identical  to  native  cohrotoxin  on  rooxida- 
tion.  The  results  clearly  indicate  that  tho  integrity  of  the 
disulfide  bonds  in  cobrotox'.n  is  essential  for  lethality. 
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II ,  Optical  Rotatory  Dispersion  Study  of  Oobrotoxin 

The  present  communication  deals  with  tho  optical  rotatory 
dispersion  (ORD)  study  of  the  nativo,  reduood  and  reoxidized 
oobrotoxin  preparations  in  the  wavolength  range  220-300  mu, 
and  the  disco very  of  a  positive  Cotton  of foot  at  233  W  for 
the  native  oobrotoxin.  The  mean  residue  rotation  corrected 
far  the  refractive  indox  of  tho  solvent  at  233  nya  was  found  to 
be  ♦1,250’,  suggosts  that  oobrotoxin  contains  about  22  %  of  tho 
left-handed  ot-helix  in  the  moleoul’.o.  This  is  a  very  distinct 
feature  for  a  natural  protein  consisting  of  L~amino  acids  *o 
have  a  left-handed  helical  structure.  In  contrast,  the  ORP 
curve  of  the  reduced  cobroto::Ln  manifests  simple  disporcion 
curve  with  negative  value  of  (m*)  233  (-2,100*),  indicates  that 
oobrotoxin  loses  left-handod  nolix  and  becomes  random  structure 
after  tho  reductive  cleavage  of  its  disulfide  bonds.  However, 
the  rooxidizod  oobrotoxin  gave  essentially  the  same  ORD  ourve 
as  the  nativo  oobrotoxin,  shows  that  correct  reformation  of 
left-handed  o<rholix  occurred  by  air-oxidation  of  the  roduced 
cobro toxin. 
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xxx.  Ak^A.gA-£^P.glaflg,9&.Qg^jrg1i<i^ 

The  present  study  was  initiated  to  investigate  the  proper¬ 
ties  of  fluoreeoont  cobrotoxin  after  fluorescein  thlocarbamy- 
lafclon,  and  applied  the  immunofluoresoent  procedure  to  define 
and  determine  quantitatively  any  residual  antigen  that  Bight 
he  adherent  to  tho  supposedly  purified  antibody*  Three  to 
four  moles  of  fluorescein  wero  incorporated  into  each  molecule 
of  cobrotoxin  when  the  toxin  was  allowed  to  react  with  more 
than  infold  molar  excess  of  fluorescein  isothiooy;*nato.  In 
this  system  none  of  tho  cobrotoxin  remained  unlabeled.  The 
W  maximum  of  the  fluorescent  cobrotoxin  is  shifted  to  the 
shorter  wavelength  and  the  lethality  decreased  to  1/7.5?  while 
the  cross-reaction  with  anti-cobrotoxin  sera  was  not  altered. 

It  suggests  that  in  cobrotoxin  the  antigenic  sites  are  different 
from  the  active  site(s)  of  toxicity  which  was  blocked  by 
fluorescein  thiocarbcu-iylatlon.  Fluorescent  cobrotoxin  was 
used  to  define  rud  determine  the  degree  of  separation  of  the 
antigen  from  its  antibody,  Tho  Immune  precipitates  were 
completely  dissolved  and  dissociated  in  0*55  M  formic  aoid-0,15  M 
NaCli  complete  separation  of  fluorescent  antigen  from  the  anti¬ 
body  was  r.ohieved  on  Sephadox  G-100  column  in  the  same  solvent. 
The  purified  antibody  was  proved  to  be  free  from  faint  traces 
of  antigen  and  100  %  precipi table  with  oobrotoxin  as  weasurod 
by  quantitative  precipitin  reaction. 
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3  «  l&tattLqj&ss 

Slnco  tho  high  sulfur  content  in  the  toxic  ingredients  of 
snake  venom  and  itu  possible  relationship  to  tho  venom  toxicity 
wore  discovered,  many  studi.ee  on  tho  nature  of  the  sulfur  in  snoko 
vonomo  have  been  carried  out  (l-t),  However,  the  nature  of  the 
sulfur  bonds  and  their  association  v.lth  the  toxioity  of  snake 
vonems  remain  unknown. 

Clarification  of  tho  status  of  sulfur  bohde  in  the  biologi- 
sally  activo  proteins  is  very  important  not  only  for  tho  establish¬ 
ment  of  atruc  ire  but  c.lso  for  tho  elucidation  of  their  rolation 
to  tho  biological  activity.  In  this  study  the  sulfur  distribu¬ 
tion  of  tho  crystalline  toxin,  oobrotoxin,  was  established  and 
the  integrity  of  the  dieulfido  bonds  for  its  lethality  was 
proved. 


2* 

Oobrotoxin  was  prepared  from  Formosan  oobra  ( Na.la  n,q.1  a  aftra) 
venom  as  previously  described  (?),  NN'-Bl-DNP-L-oystino  and 
N-ethylmaleimide  wore  obtained  from  Sigma  Chemical  Company. 

Urea  was  a  Mallinekrodt  reagent,  and  was  reorystallized  from 
aqueous  ethanol,  EDTA  was  a  Fischer  certified  reagent, 

A  commercial  preparation  of  PCKB  was  purified  according  to 
the  prooeduro  of  Beyer  (8).  A  portion  (20  rag)  of  tho  well-dried 
preparation  was  completely  dissolved  in  1  ml  of  1  N  NaOH  and 
diluted  with  0.05  K  sodium  pyrophosphate  buffer  (pH  8.1).  Stock 
solutions  thus  prepared  were  standardised  by  measurement  of  tho 
absorbance  at  2"-2  ran  at  pH  ?,0  aftor  appropriate  dilution,  Bio- 
Gel  P-2  was  purohased  from  Bio-Rad  Laboratories,  and  4-morcapto- 
ethanol  was  r\  pi'oduct  of  Eustraan  Organic  Choraioale. 

flaa&aa&jg.t 

The  equilibrium  concentration  of  the  mixod  disulfide  was 
determined  by  the  rnothod  of  Glaser  and  Smith  (9)*  in  tho  protein 
concentration  range  of  0,033  to  0.2  /imole/ml  of  reaction  mixture, 
The  rato  of  interchange  was  followed  until  the  rate  of  ohango  of 
absorbance  of  tho  aqueous  phase  at  337  apt  became  constant.  At 
the  end  of  21  days  the  equilibrium  was  roaohed,  and  the  amount  of 
aono-DNP-cyetine  presented  was  determined,  Tho  ratios  of  juisolos 
of  mono-MP-oyetino/Sumoleo  of  protein  were  plotted  against  the  N 
protein  oonoentration,  and  the  total  content  of  half -cys tin 0 
plus  cysteine  was  obtained  by  extrapolation  to  zero  protein 
concentration. 
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b.  Ba.Urmlr  \ti.o..n_.Q^.  j.ui;hy^y.I  content 

(1)  N-Ethvlmal oimldo  t  Determinations  involving 
N~othylinaloiniido  wore  oarriod  out  by  the  mothod  of  Alexander  (10)* 
Tho  reaction  w $e  oarriod  out  in  0,1  M  phonphato  buffer  (pH  6*8) 
with  1,2  x  10”v  M  K-otbylmaleli’iide  and  0«8j  x  10"^  M  oobrotoxin 
which  had  boon  protroatod  v.-ith  8  M  uroa  for  20  h  at  room  tempera** 
turo.  The  reaction  mixture  d.void  of  N-othylmaleiaide  served  as 
a  blank,  and  tho  apooti'ophotomotrio  measurements  wore  made  in 
l-c;j  matohod  ei.lloa  cello  in  tho  Beckman  Modol  DK;>  recording 
spectrophotometer.  Tho  difference  in  absorbanco'nt  300  uvu 
between  tho  reacted  and  unroaebod  N-cthylmaloimido  solutions  mo 
dlvidod  by  tho  molar  extinction  coefficient  of  620  for  tho 
calculation  of  .'onbcn'T, 


(2)  PCMb ;  The  Bpootrophotomotric  method  of 
Boyer  (8)  was  employed  for  thoce  dotormiuntions, 

„  <<*>  ♦ 

For  this  purpose  inoremonba  of  FdMB  wore  addod  to  the.  nolle 

containing  tho  protoin  in  0,025  M  Tria**H0.V-8  M  urea  (pH  8,0), 

Spoctrophotometric  measurements  wore  mado  in  the  conventional 

mannor  with  tho  Model  W  Bookman  epootrophotomotor  at  250  nyu. 

.  <*>  ZL^telLPLFJXW. 

Identic al  increments  of  tho  protein  solution  were  added  to  a 
coll  containing  5  ml  of  buff or od  PCMB  and  to  a  blank  ooll 
containing  tho  same  volume  of  0,05  K  phosphate  buffor  (pH  7*0) 
alone.  Tho  contents  wore  mixed  by  lr version  of  each  ooll 
covorod  with  a  piecso  of  Porafilm,  and  tho  absorbance  at  £?0  mji 
was  road  aftor  oaoh  addition.  The  observed  absorbanoe  was 
oorxeoted  for  dilution,  and  plotted  '.gainst  tho  volumo  of  protein 
addod,  Tho  ondpoint  was  obtained  from  tho  int-oroootion  of  the 
two  linos,  and  tho  eulfhydryl  content  was  oaloulatod. 


Ba&a&gft-aX  *&far,p  fo  ?&;> ,  :rl  M.  /t"m 

Keduotion  was  carried  out  essentially  aooordlnt  to  the 
procedure  of  Anfineen  and  Haber  (11).  In  a  representative 
experiment,  100  mg  of  oobx'otoxin  was  dissolved  in  5  rai  of  a 
freohly-proparod  0  II  solution  or  recrystallluad  urco,  o  .id  0.1 
ml  of  4- raeroap to ethanol  ( 1  .ul/rag  of  protoin)  vv  «j  added.  The 
glass-stoppered  tube  was  flushed  with  and  loft  a;  room 
temperature  for  4  h*  Tho  pH  was  then  adjuctod  to  3,5  with 
glacial  acotic  acid,  and  the  entire  .-elution  v.r.c  applied  to  a 
oolumn  (2  ora  x  52  ora)  of  Mo-Gsl  1^2  which  had  previously  been 
equilibrated  with  0,1  M  acetio  acid  containing  1  l:i  PDta.  The 
column  was  developed  with  the  same  sol-  ;nt ,  .Traction;'  of  7  ml 
wore  collooted,  and  tllo  absorbaroe  at  £'•'  3  ir.p  v,  ; raeacurcd. 

The  reduced  cvlrot?xitt  emerge;  in  tho  void  volur.r  .  a  n  narrow 
peak  in  fractions  j  hut  tho  odor  of  ^-morcupto ethanol  was  first 
detectod  in  frac*  v.  18;  tho  remaining  rcagr.nts  wero  eluted  in 


fractions  1 8-22*  The  reduced  cobretoxLn  was  extremely  stable 

At  pH  3  in  0.1  M  acetic  aoid  containing  1  mM  ETTA*  it  could  b« 
stored  in  a  refrigerator  fox  cover aX  days  without  decrease  of 
the  sulfhydryl  content. 

<**  R9ffjfl<augn..ax  uu8am ss&s&s&n 

An  aliquot  of  reduced  cobrotoxin  in  0.1  M  acetic  acid  was 
applied  to  a  Bio-Qol  P-2  oolunn  (2  on  x  32  cm),  pre-oquilibrated 
with  0.03  M  phosphate  buffer  (pH  7.1)  containing  0.1  M  NaCl,  and 
eluted  with  the  sane  buffer.  Seduced  cobrotoxin,  new  in 
phosphate  buffer  pH  7«1*  was  allowed  to  stand,  without  shaking 
ox  bubbling,  in  a  tube  open  to  the  air  at  room  temperature 
<25-27*).  After  suitable  intervals  of  time,  aliquots  were 
taken  for  determination  of  lethality  and  free  sulfhydryl  groups. 

e.  Ring  test 

About  0.08  ml  of  rabbit  onti-cobrotoxin  sera  was  pipetted 
into  a  series  of  tubes  (3  ran  x  ?0  mm).  The  precipitin  ring  at 
the  interface  was  observed  at  30  min  and  1  h  after  an  equal 
volume  of  two- fold  diluted  antigen  solution  was  overlaid. 

f .  Infrared  absorption  spectra 

Infrared  spectra  of  cobrotoxin  preparations  were  recorded 
with  the  Perkin- Elmer  Model  137  infrared  spectrophotometer  with 
a  spectral  slit  width  of  25  mm.  The  infrared  pellets  were 
prepared  from  1  mg  of  cobrotoxin  mixed  with  300  mg  of  KBr. 

g.  Lethality 

Venom  lethality  was  measured  by  intraperl toneal  injeotlon 
of  ths  venom  solution  into  mlee,  N.X.R.  strain,  as  previously 
described  (12).  In  the  nloe  weighing  18  ±  1  g,  the  L.D.50  of 
the  cobrotoxin  was  approximately  0.065  mg/kg  body  weight. 


3.  Results 

a.  Sulfur  distribution  of  cobrotoxin 

The  total  content  of  half-cystine  plus  cysteine  of  cobrotoxin 
was  measured  by  the  disulfide  Interchange  reaction  (9),  with  the 
results  shown  in  Pig.  1.  Tho  number  of  groups  capable  of  under¬ 
going  interchange  with  di-DNP-  eye  tine  in  cone.  KOI  was  12..0. 

Ifo  free  sulfhydryl  groups  were  detected  by  spectrophotometric 
titration  with  PCMB  even  after  cobrotoxin  was  treated  with  8  M 
urea.  The  results  of  spectrophotometric  assays  using  N— ethyl— 

maleinri.de  <10)  also  showed  that  sulfhydryl  groups  were  absent 
from  cobrotoxin.  The  half-oystine  content  of  12  moles  therefore 


Indicates  the  presence  of  6  disulfide  bonds  in  each  molecule  ef 
cobrotoxin. 


b.  Reduction  of  cobro toxin 

In  order  to  examine  the  possible  relation  of  the  disulfide 
bonds  in  cobro  toxin  to  its  lethality,  cobrotoxin  eras  dissolved 
in  8  M  urea  solution,  and  a  reducing  agent,  /f-mer  cap  to  ethanol, 
was  added  to  split  the  disulfide  bonds.  CobrotoafiLn  la  8  M 
urea  solution  retains  full  lethality  even  after  exposure  fer 
24  h.  However,  on  addition  of  ,£<mercaptoethanol,  the  lethality 
decreased  immediately,  and  after  1  h  almost  all  the  lethality 
was  lost.  Tho  results  reveal  the  ossentlality  of  the  ^ntaot 
disulfide  bonds  for  tho  venom  toxicity. 

Zn  the  experiment  doecrlbed  in  METHODS,  reduced  eobre toxin 
was  separated  from  urea  and  reducing  agent  by  passing  it  through 
a  column  of  Blo-ael  P-2,  equilibrated  with  0.1  M  acotle  acid 
containing  1  mi-i  ETTA  (pH  3).  The  sulfhydryl  content  ef  the 
reduced  cobrotoxin  was  then  titrated  epectrophotoaetrlcally 
with  PC MB  and  If-ethylmaleimide,  and  was  found  to  oentain  11.8 
and  11.8-12.0  residues  per  molecule  respectively.  The  values 
show  that  reduction  with  /t-mercaptoothanol  was  essentially 
complete  under  the  conditions  used. 

c .  Oxidation  of  reduced  cobrotoxin 

The  lethality  of  cobrotoxin  was  lost  almost  completely 
after  reductive  cleav\go  of  disulfide  bonds  in  concentrated 
urea  solution.  However,  tho  possibility  of  some  accompanying 
side  reaction  was  not  excluded.  If  we  could  reform  the  dlaul- 
fide  llnkagos  and  reestablish  the  active  conformation  of  cobra* 
toxin,  i.e.  restore  the  toxicity,  by  gentle  oxidation,  it  would 
be  certain  that  tho  loss  of  lethality  of  cobrotoxin  by  reduction 
is  not  due  to  any  side-effects  but  to  the  specific  cleavage  ef 
the  disulfide  bonds  into  sulfhydryl  groups.  Recently,  reacti¬ 
vation  cf  the  reduced  enzymes  by  oxidation  with  air  haa  been 
successful  for  pancreatic  ribonucleaeo  (13,14),  taka-amylaae  A 
(15),  lysozyme  (16-18),  trypsin  (19),  and  several  other  ennymes. 
Therefore,  it  is  of  interest  to  determine  if  the  inert,  fully- 
reduced  cobrotoxin  could  regain  lethality  by  oxidation  with  alr» 

Reduced  cobrotoxin  in  0.05  M  phosphate  buffer  (pH  7*1)  was 
allowed  to  stand  in  air,  without  shaking  or  bubbling.  The 
results  illustrated  in  Fig.  2  show  a  gradual  increase  in 
lethality  during  a  3-day  period,  which  woo  accompanied  by  a 
decrease  in  sulfhydryl  content.  Conversion  of  sulfhydryl 
groups  in  reduced  cobrotoxin  to  disulfide  bonds  proceeds 
rather  slowly  and  linearly  at  pH  6.39  as  shown  in  Fig.  3,  and 
the  rate  becomes  faster  at  high  pH  values. 

The  effect  of  protein  concentration  on  tha  raactlvatian  of 
reduced  cobrotoxin  was  studied  ovor  a  protein  concentration 
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jpungo  of  0.11  to  2.5  me/ml  at  pH  ?.l.  .is  seen  from  Table  I, 
the  reactivation  proceeded  gradually  at  almost  the  same  rate 
between  protein  concentrations  )f  1.2  and  2.5  mg/r.l,  and  the 
lethality  war.  almost  recovered  after  5  day*  a  expo  euro  to  eir. 
However*  tho  recovery  of  lethality  was  found  much  lower  with 
decreases  in  protoin  concentration.  This  phenomenon  was  also 
observed  with  reduced  ribonuclenao  Ti  by  Kasai  (20).  This  raay 
be  due  to  the  adsorption  of  the  protein  on  tho  aurfaco  of  the 
container. 

As  shown  in  Table  II,  a  large  incroase  in  levoro ‘cation 
was  observed  on  reduction  6f  cobrotoxin.  A  similar  change 
was  also  observed  on  oxidation  of  cobrotoxin  with  pcrfortnic 
sold.  Tnoso  observations  apparently  reflect  th©  destruction 
of  the  secondary  structure.  However,  the  specific  rotation 
returned  closely  to  tho  native  value  on  oxidation. 

The  decreased  cross-reaction  witn  antisera  to  cobrotoxin 
of  the  reduced  cobrotoxin  also  rc  /arted  to  the  native  after 
reoxidation.  Reduced  and  perforate  acid-oxidised  cobrotoxinr 
showed  infrarod  spectra  distinct  from  that  of  native  cobro¬ 
toxin,  while  rooxi disod  cobrotoxir.  not  only  regained  the  com¬ 
plete  lethality  I  t  a! -to  rcvorled  a  spectrum  practically 
identical  with  that  of  native  cobrotoxin. 


4.  Disc"  c,  cion 

In  ti;o  pr  rcent  studies,  the  disulfide  bonds  of  cobrotoxin 
were  cleaved  completely  with  /8-mercapto ethanol  in  the  presenco 
of  o  M  urea.  The  oulfhydryl  groups  resulting  were  estimated 
to  be  11. G- 12.0  moles/molecule  of  cobrotoxin  In  accord  with  tho 
value  obtaiued  from  disulfide  interchange  reactions  for  the 
total  half-cystinc  content  of  12.0.  However,  no  eulfhydryl 
group  could  be  detected  in  the  native  cobrotoxin,  even  after 
cobrotoxin  had  beon  treated  with  3  M  urea.  These  facts 
indicate  that  cobrotoxin  contains  six  disulfide  bonds  and  is 
devoid  of  sulfhydryl  groups.  Since  no  methionine  was  found 
•n  amino  ?cid  analysis,  it  appears  that  the  sulfur  in  cobrotoxin 
la  present  oxclualvoly  in  tho  form  of  disulfide  bonds. 

Tho  presence  of  diaulfido  bonds  maintains  the  specific 
secondary  structure  of  the  toxin,  and  may  also  stabilize  the 
structure  against  the  effects  of  3  M  uroaj  it  is  significant 
that  no  loos  of  lethality  was  detected  when  the  cobrotoxin  was 
treated  with  this  reagont.  However,  when  the  disulfide  bonds 
aro  broken  with  a  reducing  agent,  the  characteristic  secondary 
structure  is  lost,  with  a  concurrent  increase  in  levoro tation, 
and  the  cobrotoxin  is  completely  inactivated.  Nevertheless, 
by  gentle  reoxidation  in  air,  complete  reactivation  occurs  with 
resumption  of  full  lethality,  indicating  that  correct  reforma¬ 
tion  of  disulfide  bonds  occurs. 
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During  the  course  o t  the  oxidation  «f  reduced  cebretoTin, 
the  lethality  returned  gradually  while  the  eulfhydryl  group* 
dlsapperred.  however,  the  rate  of  reeter&tlon  of  the  lethality 
did  not  proceed  In  parallel  with  the  deereaee  In  eulfhydryl 
groups;  only  Z}  %  returned  after  72  %  of  eulfhydryl  groups  had 
disappeared  (Pig,  4),  but  It  returned  more  quickly  thereafter. 
Complete  lethality  was  regained  when  the  protein  concentration* 
were  in  on  appropriate  range.  The  results  suggest  that  ref cr¬ 
eation  of  all  the  original  disulfide  bonds  le  necessary  for  tha 
recovery  of  full  lethality  of  cobrotoxin. 

Micheel  and  Slotta  studied  the  nature  ef  sulfur  in  the 
active  principle  of  snake  venom,  and  found  that  the  sulfur  In 
the  toxic  proteins  played  an  Important  role  in  the  toxicity  of 
venoa.  Slotta  and  coworkera  (3,4)  during  thalr  ero  toxin 
studies  suggested  that  the  sulfur  in  all  snake  venoms  occurs 
In  simple  disulfide  bonds,  and  that  the  integrity  of  the 
disulfide  bonds  is  essential  for  their  toxic  activities. 

However,  Micheel  and  Schnitc  detected  no  disulfide  bonds  In 
their  neuro toxin  obtained  from  cobra  (gftJAtUXi)  Venom, 

The  high  sulfur  content  and  tho  presence  of  cystine-form 
sulfur  in  Formosan  cobra  venom  were  also  observed  by  Sato, 

Kirano  and  Takino  (5)  and  Sasaki  (6),  However,  no  conclusive 
evidence  for  the  nature  of  the  sulfur  in  toxic  protein  has 
been  provided  so  far,  and  their  association  with  venom  toxicity 
remains  to  bo  established.  In  this  study,  the  direct  evidence 
for  the  nature  of  the  sulfur,  presented  exclusively  in  the  for* 
cf  disulfide  bonds,  is  provided.  The  results  also  give  firm 
support  to  the  suggestion  of  filotta  that  the  integrity  of  the 
disulfide  bonds  is  essential  for  the  venoa  toxicity. 
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Cobrotoxin  contains  six  disulfide  bonds,  and  Is  devoid  of 
eulfhydryl  groups.  On  reduction  with  yg-mercapto ethanol, 
cobrotoxin  displays  11,6  to  12,0  eulfhydryl  groups  and  loses 
its  lethality  concurrently.  The  inert,  fully  reduced  cobro¬ 
toxin  yields  biologically  active  toxin  on  oxidation.  The 
rate  of  oxidation  and  restoration  of  lethality  is  dependent 
upon  the  pH  and  the  protein  concentration.  The  cross-reaction 
with  antisera  to  cobrotoxin,  infrared  spectrum,  and  levorota- 
tion  are  restored  to  their  original  values  upon  reoj&dation  of 
the  reduced  cobrotoxin.  The  results  of  the  present  study 
clearly  Indlcato  that  the  integrity  of  the  disulfide  bonds  in 
cobrotoxin  la  essential  for  lethality. 


II.  vfr.tftpflA, 

This  section  deals  with  the  optioal  rotatory  dispersion 
(§RD)  study  of  the  native,  reduced  and  reoxtdized  cobrotoxin 
preparations  in  the  wavelength  rango  220-300  mu,  and  the 
discovery  of  a  positive  Cotton  affect  at  233  for  native 
and  reoxldlzed  cobrotoxin.  The  ORD  o t  the  cobrotoxin  prepara* 
tions  and  the  circular  diohroiem  (CD)  measurements  were  performed 
with  a  Jaeco  spec  tropolarimeter  model  ORD/W-5  with  a  circular 
dichroisra  attachment. 

As  shown  in  Fig.  3,  the  native  cobrotoxin  has  a  positive 
Cotton  effect  with  peak  at  233  mw  and  the  mean  residue  rotation 
corrected  for  tho  refractive  index  (21)  of  the  solvent,,  0.05  M 
sodium  acetate  buffer,  pH  5*9 »  at  233  mu  (fn>^  233)  was  found  to 
be  +l,250t  In  general,  the  ODD  curves  of  protein  and  poly¬ 
peptide  having  right-handed  W-helix  have  a  negative  trough  at 
233  mu,  and  the  left-handed  m»helix  of  poly-D-glutaoic  acid 
shows  a  positive  peak  at  233  mu.  Therefore,  it  suggests  that 
cobrotoxin  contains  left-handed  tf-helix  in  the  molecule*  In 
contrast,  both  the  ODD  curves  of  the  reduced  cobrotoxin  and  of 
the  roduced-carboxymethylated  (CM)  cobrotoxin  manifest  simple 
dispersion  curves  with  negative  value  of  (h*)  and  do  not  show 
a  negative  trough  at  233  mu.  The  values  of  CnD  233  *or  these 
proteins  are  found  to  be  -2,10Cf  Which  is  close  to  the  value  of 
-1,700* for  randomly-colled  polypeptide  chain  consisting  of 
L-a»±no  acids  (22).  This  indicates  that  cobrotoxin  loses 
left-handed  holix  and  become  random  structure  after  the  reductive 
cleavage  of  its  disulfide  bonds.  However,  the  reoxidized  cobro¬ 
toxin  gave  essentially  the  same  ORD  curve  as  the  native  cobro¬ 
toxin.  It  indicates  that  correct  reformation  of  left-handed 
4-hellx  occured  by  air-o:d.dation  of  the  reduced  protein.  If 
we  assume  a  value  of  (m*)  233  s  415,000*  for  the  left-handed 
•«-helix  (23)  and  -1,700* for  the  random  coil  of  L-amino  acid 
polypeptide,  the  value  of  41,250* for  cobrotoxin  would  mean 
that  cobrotoxin  contains  about  22  $  of  the  left-handed  <*-helix. 

Native  cobrotoxin  rovoale  a  negative  CD  spectrum  with  a 

minimum  at  265  mu,  but  not  in  reduced  and  CM  cobrotoxin. 
therefore,  the  CD  band  of  native  cobrotoxin  in  this  region 
reflects  aosymmetx'y  in  the  environment  of  aromatic  amino  acids 
in  the  native  protein. 

As  seen  in  Fig.  5,  the  ORD  curve  of  cobrotoxin  in  the 
presence  of  7,5  M  urea  (pH  6.0)  also  reveals  a  positive  but 
somewhat  lower  peak  at  233  mu*  Bowever,  the  CD  spectrum  at 
285  mu  remained  unchanged.  The  different  spectrum  of  oobro- 
toxin  in  0.1  M  sodium  acetate  buffer,  pH  5.4,  containing  8  M 
urea  referred  to  the  protein  in  tho  same  buffer  but  without 
urea  shows  a  red  shift  and  have  positive  peaks  at  285  and  2$Z 
mu. 
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Fig*  6  shows  the  effect  of  2-ehloro ethanol  on  the  ORB 
curve  of  cobro  toxin.  In  the  presence  of  5  %  2-chloro ethanol, 

the  peak  at  233  w  is  decreased  and  by  10  %  2-chloro  ethanol, 
the  value  of  (m^)  becomes  negative,  however,  a  maximum  la  still 
observed  at  233  nm.  In  the  presence  of  more  than  20  %  of  the 
reagent,  the  ORD  becomes  simple  dispersion  curve  and  the  value 
of  fin ^  233  was  found  to  be  -1,900!  This  indicates  that  the 
helical  structure  In  the  cobrot^xLn  molecule  destroyed  in  the 
presence  of  more  than  20  %  of  2-chloroethanol.  In  this  case, 
the  negative  CD  spectrum  due  to  the  aromatic  amino  acid  residues 
at  283  nyu.  was  not  abolished  but  only  diminished  slightly.  this 
is  the  difference  between  the  effect  of  2-chloroethanol  to 
cobro toxin  and  the  reductive  cleavage  of  the  disulfide  bonds  in 
cobro toxin  with  £-mercaptoethanol.  When  2-chloroethanol  was 
addsd  to  CM-cobro toxin  to  50  %  or  75  %»  a  negative  trough 
appeared  at  233  nju.  .  This  3hows  that  CM-co~ro toxin, 

which  is  devoid  of  disulfide  bonds,  forms  right-handed  helix 
in  the  presence  of  2-chloroethanol.  The  same  results  ars 
usually  obtained  for  the  most  of  proteins. 

On  the  basis  of  these  fac’;:,  it  is  strongly  suggested  that 
the  eobrotoxtn  has  a  left-handed  «t-helieal  portions  in  the 
molecule.  It  i.*>  a  very  distinct  feature  for  a  natural  protein 
consisting  of  L-amino  acids  to  have  a  left-handed  helical 
structure. 


I-  Sftfry.4afi.tt9B 

The  crystalline  toxin,  eobretoxin  (7)»  was  obtained  from 
Formosan  cobra  venom  and  was  proved  to  be  the  main  toxic 
protein  in  the  venom.  The  an ti-cobro toxin  sera  wars  also 
prepared  by  injecting  Increasing  doses  of  oobroto&n  with 
Freund's  adjuvant  into  rabbits.  The  antibody  was  isolated 
and  purified  by  ammonium  sulfate  precipitation,  gel  filtration 
and  subsequent  specific  precipitation. 

The  present  study  was  initiated  to  investigate  the  proper¬ 
ties  of  fluorescent  cobro toxin  after  fluorescein  thioqarbamy- 
latlon,  and  applied  the  immuno fluorescent  procedure  to  define 
and  determine  quantitatively  any  residual  antigen  that  might 
be  adherent  to  the  supposedly  purified  antibody. 


2.  Materials  and  Methods 

a.  Labelling  of  oobrotoxin.  Two  mmoles  of 
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cobrotoxin  were  allowed  to  react  with  a  varying  molar  ratio  o# 
fluorescein  leothlocyanate  (FITC,  nutritional  Biochemical 
Corporation),  The  latter  was  initially  dissolved  in  acetone 
and  allowed  to  reaot  with  tha  toxin  in  0,5  M  carbonate  buffer 
(pH  9«0)  at  4*,  under  continuous  stirring  for  4  h.  Complete 
oiparation  of  fluorescent  cobrotoxin  from  unreactod  fluorescein 
was  achievod  on  a  column  of  Bio-Gel  P-2  (2  x  49  cm)  in  0,005  M 
phosphate-0,1  M  NaCl  buffer,  pH  7.2. 
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b.  Immunization.  Rabbits,  weighing  2  to  2,2 
kg,  were  immunized  r/ith  oo br 6 tojdh  in  complete  Freund*  s  adjuvant. 
The  increasing  doses,  from  6  jug  to  1*6  mg/kg  body  weight,  were 
injected  subcutaneously  at  the  dorsal  region  over  6  day  interval* 
for  3  months.  Ten  days  after  the  last  injection,  the  animals 
were  bled.  r-Globulin  was  prepared  from  pooled  immune  sera  by 
two  precipitations  with  decreasing  concentration,  40  %  and  33  % 
saturation,  of  (NH/^SOa,  followed  by  gel  filtration  through 

a  column  of  Sephadex  G-200  in  0.02  M  Tris-ttJl  buffer,  pH  7,5, 
containing  0.15  M  HaCl.  The  product  showed  only  one  band, 
characteristic  of  r-globulin,  when  tested  by  paper  electro¬ 
phoresis*  6.43  %  of  the  protein  was  precipitable  by  an 
optimal  amount  of  cobrotoxin. 

c.  Separation  of  fluorescent  antigen  from 
antj-co bro toxin  antibody.  r-Glqbulin  of  anti-cobro toxin  was 
allowed  to  react  with  fluorescent  cobrotoxin  at  the  predeter¬ 
mined  equivalence  point.  Precipitates  were  washed  3  times 
with  cold  0.15  M  NaCl,  dissolved  in  minimum  amount  of  O.53  M 
formic  acid-0,15  M  NaCl,  and  applied  to  a  Sephadex  0-100 
column  (2  x  47  cm)  equilibrated  with  0.53  M  formic  acid-0.15  N 
NaCl.  The  column  was  devolopod  with  the  same  solvent  and 
each  5  ml  fraction  was  collected  at  a  rate  of  10  ml/h. 

Protein  concentration  was  determined  by  Folin  method  (24)  and 
fluorescent  intensity  wac  measured  in  an  Amlnco-Bowwan 
spectrophotofluorometer,  employing  an  exciting  wave  length  ef 
438  nyu  and  an  emission  wave  length  of  520  mu,  after  neutra¬ 
lization  of  the  effluent  fractions.  The  fluorescent  cobro¬ 
toxin  preparation  used  in  this  experiment  (which  was  allowed 
to  react  with  4-fold  molar  excess  of  FITC)  could  be  detected 
at  levels  of  0.01  >ig/ml. 

d.  Precipitin  reaction.  The  quantitative 
precipitin  reactions  wore  performed  essentially  according  to 
the  proceduro  of  Heidelberger  and  Kendall  as  described  by  Kabat 
and  Mayer  (25).  Increasing  amounts  of  antigen  were  added  to  a 
constant  amount  of  antibody  in  a  total  volume  of  1,0  ml  0,02  M 
Tris-HCl  buffer,  pH  7.5.  containing  0,15  M  NaCl.  The  tubes 
were  incubated  for  30  min  at  37*  and  overnight  in  the 
refrigerator.  The  precipitates  were  washed  3  times  with  o.,5  ml 
of  cold  0,15  M  NaOl,  after  which  they  were  dissolved  in  2,0  ml 
Of  0,02  N  NaOH  and  a  suitable  aliquot  was  taken  for  the 
determination  of  protein  by  Folin  method. 


p*p*r  electrophoresis  was  carried  out  accord! ag  to  the 
procedure  for  serum  protein  with  Spine o  Model  R  Paper 
ELoo trophoreei a  Cell.  After  fixation  and  oolor  development, 

elec  trophero  gram  was  taken  by  Spinco  Model  RB  Analytcl  with 
filter  JOO  ryx*  Pluoroscent  band  0:1  paper  atrip  wee  observed 
under  Lon g  wave  ultraviolet  detector,  Model  SL  3660,  Ultra- 
vtolot  Products  Ino. ,  South  Pasadena,  Calif. 

The  opectrophotoaetric  measurements  were  made  either  with 
Beckman  Model  DU  or  Model  DK2  recording  spectrophotometer. 
Lethality  measurements  and  ring  tosts  were  performed  as 
previously  described  (12,26). 


Cobro toxin  was  fluoresceinated  under  the  condition  described 
In  METHOD  with  varying  molar  ratio,  from  0*3  to  16  of  FITC* 

Spec  tropho  tome  trio  analysis  at  495  nyi  and  protein  content 
measurement  Indicated  that  as  high  as  3  to  4  moles  of  fluoresoein 
reae ted/molecule  of  oobro toxin  (Table  ffi) «  Paper  eleotro* 
phoretio  separation  of  fluorescent  cobro toxin  from  unlabelled 
cobrotoxin  was  obtained  with  veronal  buffer,  pH  8.6.  Cohre* 
toxin  migrated  towards  cathode  while  the  fluorescent  eehrotoxUi 
did  net  migrate  either  to  oathodo  or  anode  and  remained  on  the 
point  af  application*  As  seen  from  fig*  7,  no  free  oobrotexin 
left  whan  it  had  bean  allowed  to  react  with  4»fdd  malar  swess 
sf  FITC.  In  all  fluoresceinated  preparations  none  of  the  free 
FITC  were  detected  on  paper  electrophoresis,  proved  that  complete 
separation  of  unreacted  FITC  was  achieved  by  gel  filtration  on 
Bie-del  P-2. 

.  The  UV  absorption  maximum  of  the  fluorescent  cobrotexiJt  is 
shifted  to  shorter  wavelength  from  277-2? 8  m  to  273*275  »p*. 

As  shown  in  Table  III,  although  the  pronounced  decrease  in 
lethality  was  observed,  the  cross-reaction  with  antisera  to 
eebro toxin  remains  intact.  it  suggests  that  antigenic  sites 
ore  different  from  the  active  site(s)  of  toxicity  and  the 
fluorescein  thlocarbamylation  of  the  toxic  protein  through 
fVoo  amino  groups  did  not  alter  the  integrity  of  antigoaie 
specificity,  by  which  the  major  toxic  slte(e)  would  be  blocked 
with  retaining  only  the  residual  lethality*  Therefore,  the 
fluorescent  cobrotoxin  might  not  only  be  used  to  detect  the 
trace  amounts  of  antigen  which  might  remaining  in  combination 
with  supposedly  purified  antibody,  but  also  a  very  valuable 
tool  for  the  production  of  antibody  because  of  its  low  toxLclty* 

Fig.  8  shows  the  separation  of  fluorescent  cobrotoxin  from 
antl-cobro toxin  on  Sephadex  GhlOO  in  0.53  M  formic  acid* 

Complete  separation  of  fluorescent  antigen  from  anti- cobro  toxin 
was  achieved  under  the  conditions  described*  9?»0  %  of  the 
fluorescence  was  recovered  in  the  antigen  peak,  while, 
fluorescence  was  barely  doteotable  in  the  antibody  peak. 


10 


Tho  effluent  fraction*  on  antibody  peak  wore  pooled  and  dialytoA 
*«*Lnat  cold  0.02  M  Tria-ftQl  buffer,  pH  ?.5,  containing  0.13  K 
MaOl  for  £.  days,  After  removal  of  the  small  amount  of 
proolpi tabes  which  appeared,  no  fluoresceno©  wae  detectable  in 
the  purified  antibody  preparation.  The  yield  of  antibody  fro# 
r- globulin  fraction  was  3*96  %• 

As  illustrated  in  Fig.  9,  the  purified  antibody  was  100  % 
precipltable  with  cobrotoxin  as  measured  by  quantitative 
precipitin  reaction.  Therefore,  0*53  m  formic  acid  not  only 
dissolved  the  immune  precipitates  at  room  temperature  but  aloo 
dissociated  antigen-antibody  complexes  and  elution  from  Sephadex 
0-100  with  0,53  M  formic  acid  resulted  in  a  complete  separation 
of  antigen  from  antibody. 

Using  the  fluorescent  tagging  technique  for  quantitative 
determinations  of  the  degree  of  separation  of  fluorescent 
antigen  from  its  antibody,  Bennett  and  Haber  (2?)  found  that 
great  difficulty  was  encountered  iu  the  preparation  of  the 
antigen-froo  antibody  when  dealing  with  protein  antigens. 

From  the  cases  studied,  they  concluded  that  only  when  a 
structural  change  in  antigen  is  produced,  can  complete  disso¬ 
ciation  be  observed.  Givol  £l,  (28)  have  separated  egg 
white  lysouyme'  frott  its  antibody  on  Sephadex  G-?5  at  pH  1.8. 

In  this  system  15  #  of  the  antigen  remained  with  the  antibody 
and  wae  no ndi ©sociable.  Approximately  95  %  of  the  contami¬ 

nating  antigen  was  then  precipitated  by  adjusting  the  pH  to 
7.0  and  antibody  containing  only  0.06  %  antigen  was  roooverod 
In  60  ^  yield.  It  is  fortuitous,  however,  in  the  anti- 
eobrotoxin  purification,  total  separation  wae  aehioved  at  room 
temperature  in  0.53  M  formic  acid-0, 15  M  NaOl  without  alteration 
of  native  configuration  of  eobrotoxin.  100  %  procipi table 
antibody  wae  recovered  in  92  %  ylold  from  r-globulin  fraction, 
which  contained  6.48  %  antibody,  as  shown  in  Fig,  9, 

The  importance  of  conformation  in  the  reactivity  of  RMace 
with  antl-RNaso  hao  been  emphasised  by  Mills  and  Haber  (29), 
who  demonstrated  that  disulfide  Interchange,  without  other 
covalent  alteration,  would  completely  after  the  antigenic 
identity.  Oxidation  of  HNase  with  resultant  molecular 
disruption  has  also  been  shown  to  abolish  reactivity  with  antl- 
RNaso  (30).  It  was  also  demonstrated  in  our  previous  studies 
(26,31)  that. when  the  disulfide  bonds  in  eobrotoxin  are  broken 
with  a  reducing  agent,  tho  characteristic  secondary  structure 
is  loot  with  concurrent  inactivation.  However,  by  gontlo 
reoxidation  in  air,  complete  reactivation  occurs  with  resumption 
of  full  lethality  and  antigenicity,  indicating  that  the  integrity 
of  the  secondary  structure  is  essential  for  the  antigenic 
specificity. 


*»• 

Throe  to  font  ides  of  fluorescein  wore  inoorpovated  Into 
each  molecule  of  cobrotoxin  when  the  toxin  was  allowed  to  react 
with  wore  than  4«fold  molar  exoees  of  fivoroactin  iso  thiocyanate* 
In  this  system  none  of  the  oobrotoxin  remained  unlabelled.  The 
VV  maximum  of  the  fluorescent  cobro*oxln  ie  shifted  to  the 
shorter  wavelength  and  the  lethality  decreased  to  l/?*3,  while 
the  c roes- reaction  with  an ti-oobro toxin  sera  was  not  altered, 

It  suggest a  that  in  oobrotoxin  tho  antigenic  sites  aro  different 
from  the  active  site(e)  of  toxicity  which  was  blocJ*Cv.  by 
fluorescein  thiooarbamylation. 

Fluorescent  cobrotoxin  vros  uood  to  define  and  determine  tho 
degree  of  separation  of  a  .tlgon  from  its  antibody.  The  itwiiuno 
precipitates  were  completely  dissolved  and  dissociated  in  0*53  M 
formic  acid>*0*15  M  NaCl;  complete  separation  of  fluorescent 
antigen  from  the  antibody  was  achieved  on  Sephadax  Q-lOO  oolumn 
in  the  oaiao  solvent.  Tho  purified  antibody  was  proved  to  be 
free  from  faint  traces  of  antigen  and  100  %  precipitablo  with 
eefcrotojd.n  as  measured  by  quantitative  precipitin  reaction. 


F.  Miohool  and  P.  Jung,  Z»»  physiol,  Chem.,  239  (1936)  217. 

2*  F.  Mlohool  and  H.  Schmitz,  Bor.  Bout.  Ohea.  Goo.,  71  (1938) 
703,  1446. 

3#  K,  H.  Slotta  sud  Q.  lizyozka,  Bor.  Dout.  Ohom.  Qeo.,  71  (1938) 
238. 

4«  K.  II.  Slotta  and  II.  L.  Fraenkol-Gonx'at,  Bor.  Bout.  Ohom.  Geo., 
71  (1933)  264. 

5*  M.  Sato,  T.  Hirano  suid  II.  Vakino ,  J.  Agr.  Oho.;.  Soo.  Japcn, 

13  (1939)  B  8. 

6.  T.  Sasaki,  J,  Pharrn.  Soo.  Japan,  ?I  (1951)  53?. 

?.  0.  C.  Yang,  J •  Biol.  Ohom.,  £40  (1965)  1616. 

8*  P.  B.  Boyor,  J.  Am.  Ohom.  Soc . ,  ?6  (1954)  4331. 

9»  A#  N.  Qlasor  and  E.  L.  Smith,  J.  3iol.  Ch&m.,  236  (1961)  416. 

10.  Jf»  N.  Alexander,  Anal.  Chem.,  30  (1938)  1292. 

11.  C.  B.  Anfinson  and  E.  Hah or,  J.  Biol,  Ohom.,  236  (1961)  1361. 

12.  0.  0.  Yang,  J.  Formosan  Med.  Aesoo.,  63  (1964)  329. 

13.  m*  Sola,  F.  H.  White  and  0.  D.  Anfinson,  Science,  125  (1997) 

*  691. 

14.  F.  H,  White,  Jr, ,  J.  Biol.  Ohom.,  236  (1961)  1353. 

13.  T.  laemura,  T.  Takagi,  Y.  Ilaeda  and  K.  I;nai,  Bioahom,  Biophys, 
Has.  Commun.,  9  (T;6l)  373- 

16*  K.  Xaai,  T.  Talcagi  and  Iooiiu’.ra,  J.  Bioohom.,  53  (1963)  1. 

17*  0.  O'.  Epstein  and  R.  F.  Goldberger,  J.  Biol.  Ohom.,  258  (1963) 
1580. 

18.  B.  P.  Goldbcrgor  and  C.  J.  Epstein,  J.  Biol.  Ohera, ,  238  (1963) 

298a. 

19»  C.  J.  Spstoin  and  0.  B.  Anfinson,  J .  Biol,  Ohom.,  £37  (1962) 
2175. 

20.  K.  Kasai,  J.  Bioohom.,  57  (1965)  372. 

21.  Q.  Paeman,  ’Methods  in  Enzymology'’,  od.  by  S.  P.  Colowioh 
and  If.  0,  Kaplan,  Academic  Press ,  Now  York,  Vol.  VI  (1963) 

928. 

„  22.  E,  8.  Blout,  I,  Sohmior  and  N.  S.  Simmons ,  J,  Am.  Chern,  Son., 

*  84  (1962)  3193. 

23.  0.  T*  Yang  and  W,  J.  McCabe,  Biopolymors,  3  (1965)  209. 

24«  0#  Folin  and  V.  Ciocaltov.,  J ,  Bio?..  Chem.,  73  (192?)  62?. 

23.  E.  A.,  Rabat  and  M.  M.  Mayor,  Experimental  immunochemi6try» 
Charles  0.  Thomas,  Spi’ingfiod,  Ill.  (1961)  22. 

26*  C .  0.  Yang,  Biochim.  Biophys.  Acta,  133  (1967)  346. 

27*  J.  0.  Bennott  and  E.  Haber,  J.  Biol.  Chem.,  238  (1963)  1362. 

28*  D.  Givol.  S.  Fuchs  and  M«  Sola,  Biochim,  ot  Biophyn.  Aota, 

63  (1962)  222. 

29.  J  *  A.  Mills  and  E,  Haber,  Federation  Proe.,  21  (1S6&)  31, 

39.  8*  K*  Brown,  R,  Dolanoy,  L.  Levino  and  K.  Van  Vunakie, 

J.  Biol,  Chem.,  234  (1959)  2043. 

Jl.  C,  0.  Yang,  0.  0.  Chang  K.  Hamaguohi,  K,  Ikeda,  K.  Hayachi 
and  -T,  Suzuki,  J.  Bioohom..,  61  (1967) 


13 


JEPWKX  4-1 


Table  X 

Bffeet  of  the  ooaoetitration  of  redueed  eobro toxin  on  the  rata 
and  extent  of  reactivation 


Reduced  eobro toxin 
(  ag/al  ) 


■■*  . .  —  ii  »»*».»  WWW  *  . . a'*' . .  * 

%  Regain  of  lethality  after  rooxldatioa 


MSI 

31 

B 

24  h 

46  h 

mmnix  a- 2 


Sftbio  ii 

Relation  o i  SH  content*  lethality,  and  optical  rotation  ef 
cobre toxin  in  various *etatee 


SR  Content 
aoloo/mole 

Lethality 

% 

\%f 

_ 

Native  eobro toxin 

0 

100 

-3* 

Reduced  oobro toxin 

n.6 

a.  6 

-62* 

Reoxldtzod  cobro toxin 

0 

100 

-?* 

Perforate  aoid  oxidised 
cobro toxin 

0 

I 

0 

-73* 

APPEMDIX  A-3 


TabU  m 


Fropertion  of  fluoreaoont  oobroioxln 


l.olar  ratio  of  FI10 
to  oobro  toxin 


Males  of  fluovoec oiu  reacted/ 
molecule  of  oobro toxin 


o.?5  1.85  2.59  3.15  3.74  3.73 


Fluor  coo out  cobro toxin 
after  oloctrophoroeis'C  %  ) 


32.9  76.4  89.3  100  100  100 


UV  absorption  maximum  (  VfX  )  27?~  1.7 5-  2?3-  273-  2?3«  273**  2?5* 

276  E7C  276  275  273  27  5  27? 


Lethality  (  %  ) 


loo  ioo  53.6  42.0  13.4  13.4  13*4 


Antl^onlcity  (  %  ) 


100  •  100  100  100  100  IOO  100 
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mole  mono-DNP-cystine 
a  mole  PROTEIN 


APPENDIX  B-l 


0  0,05  0.1  0.15  0.2 


M  mole  COBBOTOm/ttl 

Pig.  1.  Equilibrium  values  for  the  formation  of  mono-1 
cystine  in  9.6  N  H31  at  39*  as  a  function  of  oobrotoxln 
concentration. 
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TIME  ( hours) 


Fi §•  Z .  Roctaration  of  the  lethality  and  disappearanoe  of 

free  aulfhydryl  groups  on  oxidation  of  reduced  cobrotoxin  in 
air-  The  solution  of  reduced  cobrotoxin  (1.8  mg/ml)  in  0.05  K 
phosphate  buffer  (pH  ?.l)  containing  0,1  M  KaGl  was  stood  at 
room  temperature  (2 i>-27*)«  — — •  %  — —  SH  groups; 

- X - -  lethality. 


SH  CONTENT  (ttiofes/mote) 


APPENDIX  D»3 


Fl$«  3»  Effect  of  pH  on  the  reextdatlon  of  reduced  cobro toxin 
Reduced  cobro toxin  wee  allowed  stand  at  roo a  temperature  in 
0,0?  H  phosphate  buffer  containing  0.1  M  N«C1  at  a  protein 
concentration  range  of  1*2  to  2.5  mg/nl. 


APPENDIX  B-5 


200  250  300 

WAVELENGTH  C  Btya) 


of 

Pic.  5*  Optical  rotatory  dispersion  cttrvos^nativo,  reduced 
and  reoxtdized  eobro toxin  preparations.  Curve  1,  native 
cohro toxin;  curve  2,  roducod-carboxtynethylated  cobrotoxiu 
and  curve  3*  reorf.di2ed  cobrotoxitt  in  0.05  M  sodiutt  acotate 
buffer,  pH  5*9*  Cux'vc  4,  reduced  cobro toxin  in  an  aquccus 
solution  and  curve  5,  cobrotoxLn  in  tbe  0,05  M  sodium 
acotate  buffer  containing  7.5  M  urea. 
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APPENDIX  2-? 


PtC*  7.  Paper  eloctrophoretid 
separation  of  fluorescent  oo~  I 
brotexin  from  unlabollod  cobroj 
Uxia.  Electrophoresis  took 
place  at  room  temperature  In 
veronal  buffar(  pH  8*6, 

^te0.075  for  16  h  at  2.5  i»A. 

The  molar  ratio  of  PI TO  to 
eobro toxin  in  1,  2,  5,  4,  5, 

6  and  ?  arc  0,  0,5,  1,  2,  A, 

$  and  16  respectively  a a 
Indicated  in  Table®,  The 
arrow  represents  the  placo  of 
application  at  id  the  hatched 
aroa  denotes  the  placo  of 
fluorescence. 


PROTEIN  (yng) 


AH?©JDIX  B-8 


Pig-.  8.  Separation  of  fluorescent  cobro toxin  fro®  onti- 
cobro toxin  on  Sophadex  9-100  in  0*53  M  formic  acid.  The 
antigen-antibody  precipitated  were  diasolved  in  0*6  ml  of 
0.55  M  forruic  acid-0.15  M  NaOl  and  eluted  with  the  same 
solvent, 

» — o,  protein  content 

x--x,  fluorescence  in  arbitrary  units. 
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FLUORESCENCE 


APPENDIX  B-9 


Pl#4  9#  Precipitin  reactions  of  fluorescent  cobro toxin 
with  r-globulin  fraction  from,  rabbit  anti-cobrotoxtn  sera 
and  of  eobro toxin  with  tho  purified  antibody.  r-Globulin-N 
(848  ;ug)  and  tho  purified  antibody^N  (84.5  Atg)  wore  used* 

An  indicated  in  tho  toxt,  the  r- globulin  fraction  contained 
6*48  #  antibody  and  the  purified  antibody  wan  100  $ 
precipi table. 
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Clarificatioa  of  th*  status  of  sulfur  bonds  in  ths  biologlcally-active 
protoin  is  very  important  not  only  for  tbs  eetabllefcaent  of  structure  but  also 
for  ths  slueidstion  of  thslr  rslstion  to  ths  biological  activity,  Th*  total 
content  of  half  cystine  plus  oystsia*  of  cobrotoxin  was  measured  to  bs  12*0  by 
disulfide  interchange  rsaction*.  Mo  sulfhydryl  groups  wars  dstsetsd  by 
speotrophotoaetrio  titration  with  p-chloronsrcuribeasoatT  and  N-ethylnaleinide 
even  aftsr  cobrotoxin  was  treated  with  6  M  urea,  dines  no  methionine  was  found 
on  asdno  acid  analysis,  ths  sulfur*  in  cobrotoxin  wars  proved  to  bs  axdusivaly 
in  ths  fora  of  disulfide  bonds.  On  rsduotion  with  '■•ercaptoethaael,  cobrotoxin 
displays  11.6  to  12.0  sulfhydryl  groups  and  loss#  its  lethality  concurrently. 
However,  th*  inert,  fully  reduced  cobrotoxin  yields  biologically  active  product 
with  couplet*  lethality  and  antigenicity,  specific  rotation  doss  to  ths  native 
value,  and  an  infrared  spectrum  identical  to  native  cobrotoxin  on  reoxidation. 
The  results  clearly  indicate  that  ths  integrity  of  tbs  disulfide  bonds  In 
cobrotoxin  is  essential  for  lsthality.  ~x 


The  present  cwunlcation  deals  with^bs  optical  rotatory  dispersion  (CfcD) 
study^of'thfc*  native,  reduced  and  reeaddised  cobrotoxin  preparations  in  tfe* 
wavelength  range  230-300  and  the-Tiiseeveiy.  sf  a  positive  Cotton  effect 

5F  I  JAHH  7473  "TT~m°  "  Unclassified 


mAtor  the  native  oobrotoxln,  The  seen  residue  rotation  oorreotod  Tor 
the  refractive  Index  of  the  attbrent  at  233  waa  found  to  be  +1,250% 
euggeete  that  fobrotoxln  oontaJna  About  22  %  of  the  lefWBainded  ofhelix 
In  the  Molecule,  T&s  1#  a  ve*^  dletlnot  featvire  for  a  natural  protein 
coneieting  of  b-amino  acid*  to  have  a  left-handed  holloa!  etruoture* 

In  contraet,  the  ORD  curve  of  the  reduced  oobrotoxln  Menifeete  aimple 
dieperelon  curve  with  negative  value  of  Qtft  233  (-2,100’),  Indlcatee 
that  oobrotoxln  loses  left-handed  helix  ana  become*  random  etruoture 
after  the  reduotlve  oleavage  of  ite  dieulflde  bond*.  However,  the 
reoxidleed  oobrotoxln  gave  essentially  the  eame  ORD  curve  ae  the  native 
oobrotoxln,  shove  that  oorreot  reformation  of  left-handed  <4*helix  oocurred  by 
air-oxidation  of  the  reduced  oobrotoxln,  (Author) 
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